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discontinuity re-eminen t-ly evolving under such con- 

roximately t,he same ath, the surface of discontinuity 

so that it may, after a short period of restoration, serve 
a.s n steering surface for the nest one. 

In the case of a stationnr steering surface the path 

as the steering surface is generally a.1read-y in motion, 
we can only assert that t.he momentary direction of 
propagation of the center is given by the tangent of 
the steerin line a.t this center. 

the east, the cold current will cover the round on the 

current will be able to keep to the ground only in t.he 
warm sector, southeast of the center. From there it 
will flow over the cold current, joining the general west- 
ern drift in tlie higher strata. 

The general effect of the motion described is that! cold 
air is‘conveyed to regions previously covered with warm, 
and there sprend dong the ground; and that in compen- 
sation, warm air is conveyed to reviously cold air 
regions, and there distributed in the Righer strnta. Gen- 
e r d y  speaking, therefore, the cyclones may be said to 
be links in the interchange of air between the polar 
reg-ions and the equa.tona1 zone. This interchange, 
which is effected continuously in the zone of the trade 
winds, takes the irregular nnd intermittent character of 
cyclonic motions in the latitudes outside the high-pressure 
belts limiting the trade winds. 

The results to which we have arrived may to a reat 
estent be considered as a verification of views dev e f  oped 
theoretically by Margules:‘ ‘ ‘The phenomena of motion 
in great storm a.rens that we call cyclones &re less in- 
telhgible than those of the scliialls. But these also, at 

ditions. Furt R er, a series of cyclones often follows ap- 

Raving been only par tp y destroyed by the first cyclone, 

of the center would follow t I e fixed steering line. But 

Taking t 7-l e general case of a cyclone propagating to 

northern and western sides of the center, w % ile the wa.rm 

-. - -_ 
4 Ibid. 

least in middle and higher latitudes, consist of warm 
and cold masses of air lying ad’acent to each other 

in the lower strata behind the passing storm. It is 
therefore not unlikely that these storms are fed by 
the potential energy of an initial stage . . . . Other- 
wise these results verify certain traits in different 
older theories of cyclones, while they disprove other 
traits. 

We are reminded both of Dove’s old theory of the con- 
flict between polar and equatorial currents as well as of 
the modern “counter current” theor of Milham?* 
Ferrel’s convectional theory is confirme d in its essential 
part, in as much as the ascendin air in the cyclones is 
warni. This warm air, however, 5 oes not form a central 
core, but comes from the side, covering a warm sector. 
The general argument against the theory of Ferrel, that 
statistical investigations have proved a circular area 
around the center of the cyclone to be cold rather than 
warm, does not disprove the rincipal point, that the 

tion of t Tl e symmetrical structure of the cyclone. The 
confusion concerning this point led to the aradoxical 

and heavy. As under conditions theoretically specified 
by Sandstroni,e a symmetrical cyclone can really act as 
a kind of centrifugal pump, lifting the cold a u  of its 
central core, this assumption contains no intrinsic con- 
tradiction, but can now aim ly be dropped. While thus 
an unnecessary element o P v. Hann’s “driven eddy” 
theory has to be left out, the general view of this theory, 
that the cyclones are merely partial phases of the general 
atmospheric circulation, has been fully confirmed. 

horizontally; cold air often sprea d s out over the earth 

ascendin air is warm, but on P y the accidental assump- 

assumtion that the mounting air in the cyc P one is cold 

6 Meteorology Milham New York 1912, p. 311 * Mllham atthutes ds to Frank’H. Bigelow.’ S w  “The %chdsrn of countercur- 
Mo. Wea. Rev., 1W. 

8 J \V Bmdstriim Weber die Beziehung zwischen temperatur uod Luftbewegunq. 

rents of different temperatures In cyclones and ant~cyclmas. 
81: 724-4. 
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POSSIBLE IMPBOVEXENTS IN WEATHEB FOBECASTINC). 

With special reference to  the United States. 

By V. RIERKNER. 

Probably the most important step that ran a t  present 

f be taken for the improvement of the weather forecastin 
will be the introdiwtion in the daily weather service o 
good charts representing the lines of wind flow. 

The drawing of these chart8 presents no special difi- 
viilties. WIien a meteorologist has gained suf€icie.:it 
acquaintance with theni, lie will cIray then1 as easily and 
HS quickly as somewhat complicated isobaric or isotliernial 
vliarts. My Gothenborg address and J. Bjerknes’s paper L‘ 
gire useful hints concerning the use of these charts, and 
their connection wit11 the weather. But acmmulated 
personal esperience will also be of great.importnnw. 

These charts will, however, have then full prognostic 
value only when the observations perniit them to be 
drawn in such detail that tlie two fundamental lines of 
convergence of the cyclone, steering line, and squal lline, 
(wi be accurately identified. 

For this urpose it is necessary that the observations 
of the win f be made and telegraphed. as accurately as 
possible. In  this respect there is occasion for.an miport- 
ant iniprovement in the system of observa.tions in the 
United States. At present only eight directions of wind 
are reported. Making the observations of the wind 

1 Weather forecastin This REVIEW .90-95. 
2 On the structure ofmoving cyclones: ’this REVIEW, pp. 9549. 

directions as accurately as the conditions of each station 
will permit and telegraphing in detail the results thus 
ohtamed will be an important step in making it possible 
to draw the true lines of flow. 

On theotherhand, it willbehighl~desira1,le to get acloser 
networkof stations. How far it will be necessary or desir- 
nhle to go in this respect can only be shown by experience. 

Besides about 300 telegraphic stations, the United 
States has a great number of climatological stations, 
ahout 3,000 if niy memory is correct.* If all the sewere 
ninde telegraphic we should get about the same number 
of stations in proportion to area as are used in western . As deslrable as an expansion on thls scale 
would e, considered as an experinlent, it would probably 
meet with difficulties from the point of view of the tele- 
v p h i c  service ; and quite likely it will not be necessary. 

he close network of stations in western Norway is neces- 
sary, partly on account of the complicated to o a hy 
and partly on account of the exceptional ck)&u&es 
during the war, when practically no weather telegrams 
froni ahrotid nre received. With the sinipler topogrephi- 
cal conditions in the United States, and the compre- 
hensive view obtained from the great area of observations, _ _  - _____I-- ---- - 

* AhoIIt 4,500.-Kd. 



it is probable that niuch could be accomplished by rlou- 
bling or tripling the number of the stations. I t  will, 
however, be of great importance to have a network of 
stations along the Pacific. coast, with a closeness corres- 
ponding to that of the west coast of Norway, in order to 
he able to c.atch the arrival of lines of coi!vergence, a.nd 
thus determine as early as iossihle the direction wh~cli 
tlie cyclones will take. A close network of stations will 
probttlily also be useful on the Gulf coast. 

Even if it  alight be desirable, i t  would not he necessary 
to give these new stntions the same c.oniple!e inst,ru- 
mental e ui nient as the old oneis.. Their most iiiiportant, 

I. On the direction and strength of wind, from which 
to determine the linea of flow. 

11. On the temperature, from which to determine the 
sudden rise or fall at the lines of comer ence. 

Concerning further observations w h d  niay be tlesir- 
ahle, e. g., Concerning rain at or within sight, of the 
station, on the appearance of the sky, etc., or concerning 
special observations which niay be had from the romt 
stations and froni favorably situated mountain stations, 
the reader is referred to my Gotlienborg addres~.~ 

C!oncerning the advantages which might be obtniiictl 
by this extension of the weather service it can be st:?tctl 
that if, as in western Norway, the observations in the 
iiiorniiig are niatle the basis of forecasts for the rest of thc 
sanie day, these forecasts may be given with great con- 

task wou \ \  d e to give ns accurate reports RS possible: 

8 Pp. 80-95 of this REVIEW. 

iidence aiicl in great detail for the different districts, usu- 
ally with an indication of the time of the day when the 
rain will begin. 

It will be more difficult to express an o inion as to how 
forecasts for the following day, or a stii longer period, 
would succeed. For in t,his field we have had no esperi- 
ence in Norway, where in the present nbnornial conditions 
the duriition of the forecast had t.o be liniited to t.he 
utmost,. But w7e have every reason t.0 believe tahat condi- 
tions even in this respect will prove favorable on an area 
of observations of an estent 11s great as that of the 
United States. 

It is of coiwse very difficult for me to estimate the cost 
of the indicated change of the weather service in the 
United States. If, as I believe, a sufficient number of 
climat6010gical stntions already exist, the main expense 
woulcl be on nccoun t of the increased te1egra.phic service. 

It may be instructive t.o report that the Norwegian 
Cfovernnient wanted 70,000 kroner ($18,667) for experi- 
ment with die weather forecasting this past supmer 
[lSlS] in western Norway according to the new syst.em. 

The main ex ense was for the telegrams, and the sum 

it concerned a new start rather than an extension p a 
system already existing. The grant was given pnnci- 
pally on the round that even if there should reqult an 

the ex ense given for the weather forecasting would be 

B turned out t.0 E e sufficient for the purpose, even thou h 

increase of on P y 1 per cent in the returns from agriculture 

many P old covered. 

SYNOPTIC STUDY OF HYDBOGBAPHICAL PHENOYENA. 

By Dr. HAW PETTERRSON. 
[Dnted: G6teborgs H8pxliole, Sweden, Dee. 24,1918.1 

In a previous coininunication to tlie MONTHLY 
WEATHER REVIEW I have set out the reasoils fof an in- 
creased in bensity of hydrogra.phica1 observations in 

FIG. l.--Relation of the cstrh or markerel to the depth at wblch den% SCR w\'AIrr i .  
loimd. 

twistal waters and have also described some new t,ech- 
nical resources evolved for that purpose.a 

taken for nearly n Mainly through the daily soundin 
decennium at Borno Station in the t? ullmarford, the first 

1 UOXTHLY WEATHER REVIEW lQli p 159. 
: The new Amiindsen N.glar&pedh&has +eneq!llpped with s ~ t  oltiieseinrlrir- 

r. Sverdrup, stodymg tllerr use at my Instltutmn 1.Hnre ments, its hydrographer, 
starling. 

example of continuous hydrographica.1 observations on 
record, the surprising variability of the situation in 
coastal waters was first proved and investi ated. Thc 

biological phenomena has re eatedly been confirmed hg 
Swedish hydrographers, by C! Ekman and 0. Pettersson 
for the rich catches of herrings made in winter off the west 
coast of Sweden and by the author for the catch of niack- 
ere1 in summer. In  figure 1 a graphical representation is 
given of the catches of mackerel made a t  Borno.during 
the summers of three years as a function of the siniidta- 
neoiis depth of the 30 per cent boundmy in the fiord; 
nearlp 1,000 scores were caught when the boundary was 
below its nvernge level against less than 1,000 scores 
when it, was above the average. 

In wint.er, when these movements are especially largt. 
and rapid, the disappearance from the surface of wat.er nf 
North Sea origin (warm and sa.lt) replaced by a sheet cif 
ice-cold brsc.kish water from the Baltic, or vice versar. 
will have n ma.rked effect on the local air-temperatmc, 
the freezing of the fiords or the breaking up of their ice. 
The great scientific interest, which these internal niovc- 
ments in the sea command is thus further enhanced by 
their bearings on practical yizest,iona. 

Now the results- from the investigation a t  Borno are 
open to the objection that, the displacements of the bound- 
nry observed a t  that place may he a locc-cnl phenomenon 
limit,ed to tlie Gullmarfiord-i. e., of the nature of the 
intenial seiches studied in Scotch lochs by Wedderhurn.a 
The best method of proving or disproving this suggestion 
is obviously to make continuous observations a t  one or 
more other points on the coast parallel to those a t  Borno. 
A fimt attempt in this direction was made by the author 

close connection existing between similar c a anges an( I 


